The aim of the present study was to review the pathology found following parotid surgery at three Western Australian tertiary public hospitals over an 11-year period.
Introduction
Neoplasms of the major salivary glands, and particularly the parotid gland, are known to be diverse. The treatment of choice for most salivary gland neoplasms is surgical extirpation, with or without adjuvant therapies (1, 2) . Classic literature has tended to suggest that benign tumours are more common than malignant tumours, particularly when referring to primary salivary gland tumours of the parotid (1) . However, we noticed what seemed to be a large number of parotid operations being performed for malignancy, and in particular metastatic disease. This observation provided the impetus for the present study.
Given the high rates of cutaneous malignancy in Australia (1), we were particularly interested in the rates of cutaneous metastases to the parotid. Many Australians experience long-term exposure to elevated levels of ultraviolet radiation, a known risk factor for developing cutaneous malignancies, especially in sun-exposed head and neck regions (2) . While basal cell carcinoma is the most common skin cancer in Australia, it rarely metastasizes. Squamous cell carcinoma (SCC) however, is typically more
Original Article An 11-year tertiary level audit of surgical pathology of the parotid in Western Australia aggressive and more readily metastasises. A prospective Australian cohort of 87 patients with metastatic SCC to the parotid gland was found to have a very poor prognosis (2) .
Parotid neoplasms can present in a number of ways, but most commonly a palpable mass will be the reason for a surgical referral. A detailed history and examination, combined with imaging and in many cases cytology via fine-needle aspirate, will be undertaken in the work-up. For those cases that were suitable for surgery, we wanted to better quantify the types of pathology encountered.
Methods
This study is a retrospective electronic chart review of prospectively recorded data on all patients who underwent surgery to the parotid gland treated within any of the three tertiary level Western Australia public hospitals (Sir Charles Gairdner Hospital, Royal Perth Hospital, and Fremantle Hospital), over an 11-year period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] . Cases were obtained through interrogation of a prospectively and independently maintained electronic operating theatre database at each hospital. All cases where a surgical procedure was recorded with the term stem 'parotid', including 'parotidectomy', were extracted. Using hospital unique identifier numbers, the electronic medical records of these patients were reviewed in a separate database to obtain demographic data (age and gender), date of procedure, and surgical histopathologic diagnosis. Clinical data regarding presentation, medical history, examinations and investigations were not available electronically. A deidentified dataset was securely stored and used for analysis. Ethics approval was granted through the WA Human Research Ethics Committee (HREC 15-088).
Results
A total of 706 operations were performed that involved partial or complete resection of the parotid gland. There were 462 (65%) male and 244 (35%) female patients in total. The mean age was 61.0 (SD =16.8, range, . The majority of operations were performed on neoplastic lesions (n=686). A small number performed on infective/ inflammatory processes (Chronic sialadenitis, n=10; Abscess, n=6; Sialolithiasis, n=4) were excluded from further analysis. Table 1 presents a list of all neoplastic histologic outcomes. Malignant neoplasms (n=364) were more frequent than benign neoplasms (n=322) of the parotid. SCC was the most common surgical pathology, followed by Pleomorphic Adenoma. Combined with Warthin's tumour and metastatic Melanoma, these four neoplasms accounted for 80% of surgical parotid pathology. Furthermore, the ten most frequent tumours made up 93% of cases, with each accounting for more than 1%. Metastatic cutaneous malignancies (n=293) far outnumbered primary salivary gland neoplasms (n=71). Of note, the top three malignant diseases were of cutaneous origin.
The incidence of surgical pathology over the period of data collection is presented in Figure 1 . Given the rates observed in Table 1 , malignancies were separated into SCC and non-SCC, and plotted along with benign pathologies. Benign parotid neoplasms overall had a stable incidence over the 11-year review period, with an uncharacteristic peak in 2012. Rates of SCC exceeded other malignancies combined over the period examined, with a clear preponderance from 2010 through to 2013.
Focusing on the neoplastic cases, there were significantly greater number of operations performed on males (n=449) compared to females (n=237), there were roughly equal numbers of males (n=165) and females (n=157) with benign parotid neoplasms. In females with malignant parotid neoplasms (n=80), the majority were carcinomas of cutaneous origin (n=52). Half of malignant parotid neoplasms were SCC in females (n=40). On the other hand, in males with malignant neoplasms (n=284), the vast majority were of cutaneous origin (n=241). Notably, two-thirds of malignant parotid neoplasms were SCC (n=190). Age as well as sex appears to influence surgical pathology. Figures 2 and 3 depict the age-group stacked histograms for benign, non-SCC malignancy, and SCCs for females and males respectively. Age was plotted as groups in decades. For women, the peak decades for benign neoplasms were the 40, 50, and 60 s ( Figure 2 ). It was not until women were 80 years and above that malignant neoplasms were more frequent than benign neoplasms. SCCs were increasingly more common for females in the 50s decade and above. For men, the peak decades for benign neoplasms were again © Australian Journal of Otolaryngology. All rights reserved.
Aust J Otolaryngol 2018;1:19 www.TheAJO.com in the decades 40, 50, and 60 s (Figure 3) , with frequencies comparable to females. However, malignant neoplasms were more common for males 50 years and above, peaking in the 70 s decade. It was also observed for men in their 50 s, that SCCs became more frequent than other malignancies combined. This trend continued in older decades, with SCC becoming the most common pathology in males 60 years and above. Further quantifying the association of sex and age with malignancy rates for females, benign neoplasms were more common than malignant neoplasms, irrespective whether age was 50 years and below or above 50 years. and is home to a population of around 2.6 million people. Despite this wide area and referral base, patients referred to the public health system for assessment and surgery (from both rural and urban settings) received their treatment in one of the three public Head and Neck surgery services, all of which are in the greater Perth metropolitan area. The close proximity of referral services facilitated the broader scale collection of data. As many as 80% of all salivary gland neoplasms occur within the parotid gland (1), with surgical extirpation the treatment of preference in most instances. Our data indicated that 96% of patients underwent surgery for a neoplastic lesion. Many contemporary texts and epidemiology reports suggest benign neoplasms are the most common (75-80%) (1,3-6). Our results are comparable if only primary salivary gland neoplasms are considered, where 84% were benign. In contrast, when all surgical pathology to the parotid was considered the present series found that malignant neoplasms overall were more common (53%). In particular metastatic SCC predominated, accounting for 34% of all parotid neoplasms, and 63% of parotid malignancies.
The likelihood of an individual undergoing parotid surgery for a malignancy was moderated by both sex and age. More males underwent parotid surgery than females irrespective of pathology. Yet, male and female rates for benign disease were almost equivalent. The sex difference was more apparent for malignancies, with males almost 3.5 times more likely to have surgery for cancer than females. When age was also considered it was apparent that the likelihood of malignancy rose when patients were over 50 years old. Pathology was more likely to be benign in both males and females under 50 years undergoing parotid surgery. However, females over 50 years were over three times more likely to have surgery for malignancy, with an over eight times risk seen in males over 50 years old. Again, the prevalence of SCC as the surgical pathology predominated with advancing age. SCC was clearly the most common pathology seen in males over 60 years old. These data suggest that SCC should be a top differential for a Western Australian presenting with a parotid mass, particularly if the individual is over 50 years old, and especially if they are male. Moreover, as metastatic cutaneous malignancies accounted for 43% of all parotid surgical pathology, a thorough history and examination of prior or active skin cancers is mandated in the setting of a parotid mass. Skin type and sun exposure are known independent risk factors for cutaneous malignancies (2), and warrant consideration in risk assessment for parotid masses in the Australian setting
There is a divide in the literature regarding the most common malignant lesion of the parotid gland. While some studies have found metastatic lesions such as SCC be the most commonly isolated malignant lesion (3), others have found primary malignant lesions to be more common (5, 6) . We found that cutaneous based malignancies of parotid were very common in males aged 50 and above. In particular, SCC was most common malignant parotid lesion (32.53%) in our patient cohort. This was significantly higher than the previously reported from other Australian studies. Coombe et al. reported a prevalence of 21.53% (7), while O'Brien et al. reported a prevalence of 9.17% (4). The high incidence of metastatic SCC to the parotid gland is felt to be an Australian phenomenon and confers patients an extremely poor prognosis especially if locoregional control is not achieved early in a patient's course of management (8) .
The most commonly isolated benign tumours of the parotid gland are pleomorphic adenomas and Warthin's tumours (9) . This was also reflected in our series where these were the two most common benign tumours isolated-pleomorphic adenoma (61.90%), followed by Warthin's tumour (25.40%). This result was also consistent with that of a recent Australian study by Coombe et al. (7) where pleomorphic adenoma (56.10%) followed by Warthin's tumour (23.17%) were similarly also the most commonly isolated benign primary salivary gland neoplasms.
Given the high prevalence of malignancy within parotid masses in our patient cohort, it is essential to have a high index of suspicion for patients presenting with parotid gland masses. A careful history with a comprehensive physical examination including the scalp and face is essential, and can help identify potential malignant or metastatic disease. Other investigations such as radiological imaging and fine needle aspirates (FNA) serve as useful adjuncts in determining the aetiology and nature of the parotid lesion. Cytological evaluation through FNA can assist clinicians in not only differentiating between neoplastic and nonneoplastic lesions but also in determining if a neoplastic lesion is benign or malignant (10) . However, the overall role of cytological evaluation of parotid specimens obtained via FNA remains debatable. This is due to a relatively high false-negative rate (40%) (11), variable sensitivity for diagnosing neoplasia (96%) and malignancy (79%) (10) , and significant variability of both the sensitivity and specificity of this test in diagnosing parotid lesions (10) .
The Australian Cancer Registry (ACR) recorded 258 parotid cancers in 2013 nationwide. This represents only 0.2% of cancers diagnosed in that year according to the Australian Institute of Health and Welfare (AIHW). The ACR uses multiple strategies to identify cancers, yet formal histology was used in around 85% of cases (WA Cancer Registry 2012). Moreover, parotid malignancy rates represent those of primary salivary gland neoplasms (ICD C07). Metastatic deposits will be recorded under the original pathology, including SCC, BCC, and melanoma. Benign tumour rates were not reported. Thus, such data does not readily translate to the clinical presentation of a parotid mass and likelihood of subsequent surgical pathology. For this reason, we feel our data provides important translational information for Australian head and neck surgeons and primary care physicians. A recent study on projected malignancy rates, suggested primary parotid malignancies should decline over the decade [2014] [2015] [2016] [2017] [2018] [2019] [2020] [2021] [2022] [2023] [2024] [2025] (12) . However, it is the rates metastatic malignancies of cutaneous origin, in particular SCC, that are seemingly of greater importance.
The incidence of cutaneous malignancies is rising worldwide along with its consequential strain on health care services (2) . Incidence does however vary geographically due to factors such as UV radiation exposure and skin type (2) . Australians live in a climate where they are exposed to large amounts of UV radiation and are at an increased risk of developing cutaneous malignancies such as SCC (2) . This study further highlights the importance public health initiatives such as educating patients on the importance of maintaining adequate sun protection precautions throughout the year as a means of primary prevention.
It is important to be mindful of the limitations of this study. Most importantly, it is not a study of true prevalence. First, pathology was determined from post-operative specimens. Rates are potentially biased, by including only those who are medically fit and elected to undergo surgical management of their disease. Second, the decision to proceed with parotid surgery will potentially be swayed by the suspicion or confirmation of malignancy on pre-operative fine needle aspirate or core biopsy. It is possible older individuals with benign pathology on FNA, or surgically unfit individuals have been missed by the collection of post-surgical data. This could potentially exaggerate the comparative rates of malignancy seen in the older agegroups. Third, only tertiary public hospital surgical databases were interrogated. Our data collection did not capture information on patients who underwent parotid surgery in private institutions and other non-tertiary settings. It is therefore uncertain whether there is a bias to having malignant neoplasms resected within the public system. To gain a more accurate perception of incidence, prospective data from assessments in both public and private clinics would need to be undertaken. Our impression is that such biases are likely small, and unlikely to demonstrably alter the relative frequencies of pathologies found. The study design also adds an element of selection bias in that all patients in our cohort elected to undergo surgery to their parotid. For example, patients with benign parotid disease who elected to have their disease conservatively managed or patients who were high-risk surgical candidates due to their poor general health, or even patients with malignant parotid disease but had disseminated metastases, were missed from our study. However, given our large study population number, we suspect that these cases were few and are therefore unlikely to impact our overall outcomes significantly.
In contrast to literature from other countries where benign lesions accounted for up to 80% of all parotid lesions (1), SCC was the most common parotid pathology in our Australian cohort-accounting for almost a third of our patients, even more common than pleomorphic adenoma.
This study provides one of the larger cohorts of patients published over this timeframe, through which it was possible to perform a state-wide tertiary level review on pathologic outcome from parotid surgery. It is also the first Western Australian tertiary level study that provides epidemiological data on parotid surgery pathology in Western Australia. It highlights the significant statewide prevalence of metastatic SCC to the parotid, especially given the poor prognosis this disease is known to confer on patients (8) . It serves as a basis for, and highlights the importance of, further research to be conducted into management and outcomes of parotid neoplasms, particularly cutaneous malignancies Australia.
